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Abstract 
This article is devoted to the research of using dynamic vibration dampers in suspension systems of tractor cabin. The results of 
research in damping and elastic characteristics of standard rubber vibration dampers are presented. The results of tractors motion 
modeling with standard dampers in cabin suspensions are described. It is shown that those vibration dampers do not provide good 
vibroprotection. The possibility of dynamic dampers usage for vibration protection of cabin is analyzed. The analysis of dampers 
schemes usage is presented. The research of vibration activity at an operator’s workplace is made. Thedesign of dynamic damper 
is also proposed and the results of computational and experimental research of this damper operation are presented. It is shown 
that dynamic dampers could be successfully used in cabin suspension. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
In the cabin suspension of domestic tractors including tractors DT and VT series produced by VgTZ (fig. 1), 
monoblock rubber vibration dampers (vibroisolators) are regularly used [1, 2]. Those vibroisolators are cheap, 
manufacturable and don’t require any set-up during operation. But in accordance with the range of the studies [3, 4, 
5] its’ elastic-damping characteristics don’t provide comfortable conditions for operator work, especially in low-
frequency vibrations area. 
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Fig. 1. Rubber vibration isolator 
In the cabin suspensions of modern foreign tractors pneumatic and hydraulic elastic elements and dampers with 
automatic control systems for their elastic-damping characteristics are mainly used [6]. It provides comfortable 
conditions of operator’s work, but it is constructively more complicated and also more expensive in producing and 
operation. 
This article describes the results of research on use prospects of the dynamic vibration dampers in the tractors 
cabins suspension which are substantially cheaper than foreign designs, but provide necessary vibration protection 
of the operator workplace in the whole range of operation loads. 
2. Research of vibration isolators characteristics and vibration loads at the operator workplace 
To obtain information about the elastic-damping characteristics of vibroisolators, experimental researches of 
static and dynamic stiffness of representative lot of the standard vibroisolators were made. Results show that its’ 
characteristic is close to linear, and nonlinearity is observed only at the start of load and at the end of unloading. 
Also it was determined that even at the maximal load deformation of mentioned vibroisolators doesn’t exceed 2 mm 
[3, 1, 5]. Such elastic movement is too small to protect an operator from low-frequency vibrations. 
For revealing of the real picture of operator workplace vibration load, series of experimental research were made 
by means of SVAN equipment. It provided specters of vibrodisplacements, vibration velocities and vibration 
accelerations of character points at frame, engine, cabin and seat at idling and during motion in 3rd gear. Analysis of 
frequency structure shows that the peak values take place in the range from 1 to 13 Hz. 
3. Modeling of cabin suspension work with the standard vibroisolators 
3D-model of the tractor VT-100 (fig. 2) was created to theoretically research work of suspension systems. That 
model allows analyzing the joint work of suspension systems of the frame, engine, cabin and seat. The advantage of 
that model is that it includes 3D-model of chassis (fig. 3), and during tractor motion the whole complex of 
operational kinematic and force loads from chassis is transferred to mentioned suspension systems. 
 
Fig. 2. (a) D-model of tractor; (b) Model of chassis 
During the modeling it is possible to choose from built-in library or to specify in dialog mode characteristics of 
ground surface, track profile at virtual polygons including single or periodic bumps and also bumps with random 
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profile, to choose or to specify the motion regime with various speeds at the straight motion or in turn with or 
without hook load, with specifying of parameters of engine torque. 
On that model the range of the researches of load processes of suspensions with the standard rubber 
vibroisolators during tractor motion with and without hook load in 3rd and 7th gears at mentioned polygons was made 
and as the result more than 100 digital oscillograms were obtained. Analysis of those oscillograms shows that at all 
researched motion regimes low-frequency vibrations from tractor frame go through the cabin suspension without 
damping but at some frequencies there is even intensification of vibrations. Obtained results confirmed conclusions 
of range of researchers [3-5] about insufficient vibration protection characteristics of standard cabin suspension with 
the standard rubber vibroisolators of tractor DT and VT. 
4. Dynamic vibration isolators 
Analysis of the monograph [7] shows that tractors DT and VT at ploughing, cultivation and sowing, that is, at 
main agrotechnical operations, have the narrow-band specter of hook load frequencies. In that specter brightly 
pronounced peaks are observed in frequencies ranges 3-3,5 Hz, 10-13 Hz, 14-16 Hz, 18-20 Hz, 28-32 Hz. 
Comparison of this results with the results of the experimental researches of vibration displasments, vibration 
velocities and vibration accelerations of character points at the tractor VT 100 frame, engine, cabin and seat made by 
authors shows that spectral densities of vibration loads in frame and cabin suspension systems correspond with 
spectral densities of hook loads sufficiently accurate. 
For vibration damping with narrow-band specter dynamic dampers are successfully used in mechanical 
engineering [8, 9]. Particularly it is used for vibration protection of power lines, high-rise buildings and structures, 
bridges, TV-antennas, chimneys and so on. So the analysis of possibilities and prospects of dynamic vibration 
isolators’ use in cabin suspension system was made by authors. 
Scheme of dynamic vibroisolator (fig. 3) was proposed and patented [10]. That vibroisolator has 3 auxiliary 
movable masses with elastic-damping elements between them. These movable masses are located between springing 
mass and base. 
Masses and vibroisolator elements form three oscillation contours. Each contour is tuned for damping of the 
vibrations with one of three frequencies dominating in specter of operation impacts in the range from 0 to 20 Hz. So 
inertial and elastic-damping parameters of every local contour are selected in order to provide corresponding of 
partial frequencies of each contour and basic frequencies of operational impacts specter. In accordance with the 
theory of oscillations, during acting of vibrational loads with one of the mentioned frequencies oscillations with high 
amplitude are performed by exactly that moveable mass that have the partial frequency equal to frequency of driving 
force. At this time, springing mass stays practically stationary [8]. When loads act with other frequencies 
oscillations with high amplitudes are performed by other movable masses and springing mass oscillates slightly. 
5. Choose of dynamic vibroisolator parameters 
For effective vibration damping in specified diapason (0 – 20 Hz) it is necessary to know inertial and elastic-
damping parameters of elements for each contour. To perform it program in MatLab was created. It allows to 
change mentioned parameters with specified step and to compare for each variant partial frequencies with basic 
frequencies of operational specter. At the same, time values of movable masses and elastic movement of elements 
are limited to values 20 kg and 40 mm. Besides, value of the coefficient of masses oscillations cohesiveness Ȗ is 
calculated [11]. The lower value of that coefficient the better that is specified frequency is given by one mass and 
other ones oscillate substantially weaker. As the result of modeling close corresponding for second and third 
frequencies was obtained, but it doesn’t for first mass because value of one of the masses at this time have to be 
more than 20 kg. So, 25 constructively realizing variants were chosen, parameters of best 2 are presented in table 1. 
In table 1 designated: fpi – partial frequency of ith mass, Hz; fci – ith basic frequency of operational impacts specter, 
Hz; mi – ith movable mass; ɫi – stiffness of ith elastic element, N/m; Ȗ – coefficient of masses oscillation dynamic 
cohesiveness. 
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Table 1 Parameters of best two variants 
ʋ fɩ1 fɩ2 fɩ3 fɩ4 fc1 fc2 fc3 fc4 m1 m2 m3 m4 c1 c2 c3 c4 Ȗ 
1 8 13 30 161 1,22 13,02 30,02 163,62 7 6 2 200 22154 87697 73650 2021295 0,3577 
25 7 15 30 101 1,82 15,02 30,02 95,82 18 14 20 200 47532 130194 2773677 955378 0,5582 
6. Research of efficiency of the dynamic vibroisolators 
To test the efficiency of that kind of dampers models of standard and dynamic vibroisolators loaded by cabin 
mass were created in software “Universal mechanism”. On that model research of vibroisolators operation at various 
frequencies was made. 
 
Fig. 3. (a) Scheme of dynamic vibroisolator; (b) dynamic model of standard vibroisolator; (c) dynamic model of dynamic vibroisolator 
Research shows that the standard vibroisolator doesn’t provide damping and in the most of cases even intensifies 
vibration processes in the frequency diapason from 1 to 13 Hz (table 2). And decreasing of vibrodisplacments, 
vibrational velocities and accelerations is provided only from 30 Hz. Both variants of the dynamic damper provide 
substantially better vibrational protection from 5 Hz.  
Table 2. Results of research for standard vibroisolators 
f, Hz Ⱥbas, mm Ⱥc, mm Vbas, mm/s Vc, mm/s Abas, mm/s2 ɚc, mm/s2 
1 0,3 0,3 2 2 13 13 
2 0,3 0,3 3,8 4 47 52 
5 0,3 0,34 9 11 290 340 
9 0,3 0,5 15 30 800 1600 
13 0,3 1,2 21 100 1600 8000 
30 0,3 0,05 40 12 8000 2000 
 
So, for example, in second variant (table 3) at frequencies 2, 5, 9 ,13 and 30 Hz acceleration reduced by 20, 92, 
96 and 99 % respectively. In tables 2 and 3 designated: f – frequency of driving impact, Hz; Ⱥbas – amplitude of 
base, that is tractor frame, mm; Ⱥc – cabin amplitude, that is springing mass, mm; Vbas ɢ Vc – speed of frame and 
cabin respectively, mm/s; abas ɢ ɚc – acceleration of frame and cabin respectively, mm/s2, Ⱥmi, mm, Vmi, mm/s, ɢ ɚmi, 
mm/s2 – amplitude, speed and acceleration of vibration displacements respectively of ith movable mass. 
Thus computational researches show that proposed dynamic damper has substantially better vibrational 
protection characteristics in comparison with standard vibroisolator. 
For the experimental test of vibroprotection characteristics of suspension with the dynamic dampers experimental 
bench was created (fig. 4, a). That bench is modeling dynamic system of one point of cabin suspension, and for its’ 
computational test – its’ dynamic model was created (fig. 4, b). Excitation of oscillations in range 0-20 Hz was 
performed by means of inertia loading device connected to swinging lever that imitates cabin floor. During 
experiments at every frequency of excitation, displacements, speeds and accelerations of cabin floor and movable 
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mass were measured and recorded using SVAN equipment. On the base of those results series of amplitude-
frequency characteristics of vertical and linear-angular accelerations of cabin and seat without dynamic dampers and 
with ones was made. 
Table 3. Results of research for dynamic vibroisolators 
f Ⱥbas Ⱥm1 Ⱥm2 Ⱥm3 Ⱥm4 Vbas Vm1 Vm2 Vm3 Vm4 abas am1 am2 am3 am4 
1 1,0 0,7 0,7 0,7 0,65 0,6 0,8 0,8 0,8 0,8 5,5 5,5 5,5 5,5 5,5 
2 1,0 0,4 0,6 0,6 0,6 1,25 6 8 8 9 15 75 105 105 105 
5 1,0 0,04 0,35 0,35 0,4 3 0,6 0,4 0,5 0,6 100 17 13 15 18 
9 1,0 0,07 0,03 0,05 0,15 5,5 2 0,04 0,15 0,4 5,5 2 0,04 0,15 0,4 
13 1,0 0,1 0,2 0,12 0,13 7 8 0,6 0,3 0,8 600 600 55 25 55 
30 1,0 0,15 0,19 0,017 0,007 17 4 6 0,15 0,045 3200 560 790 26 38 
 
 
Fig. 4. (a) test bench; (b) model 
Since the dynamic vibroisolator provides the most effective vibrations damping only when natural frequency of 
its’ mass oscillation coincides with the natural frequency of springing mass and with the frequency of driving force, 
main experimental and computational researches of vibroisolator efficiency was made at this resonance mode and 
also video recording of the process was made. Analysis of that record shows that at the resonance mode oscillations 
of vibroisolator mass and mass imitating cabin are in antiphase (fig. 5). 
 
 
Fig. 5. Record of displacements at the resonance mode of cabin (1) and vibroisolator mass (2) 
This is the way dynamic damper decreases vibration loading if cabin. It was confirmed by means of comparison 
of amplitude-frequency characteristics of cabin without dynamic damper (fig. 6) and with one tuned to natural 
frequency of cabin oscillation (fig. 7). Those amplitude-frequency characteristics were obtained from computational 
and experimental ways. 
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Analysis of the amplitude-frequency characteristics testifies that in accordance with computational data at the 
resonance mode use of dynamic dampers decreases vertical accelerations of the cabin by 40% (fig. 6), but in 
accordance with experimental data – by 49% (fig. 7). 
Dynamic dampers with these parameters were inputted into the model of the cabin suspension and the same 
complex of researches similar to as for standard vibroisolators was made. For comparison some oscillograms for 
standard and dynamic vibroisolators are shown on fig. 8, graphs for standard vibroisolators are marked with number 
1, for dynamic – 2. 
 
Fig 6. Computational amplitude-frequency characteristics of system: 1 – without dynamic damper; 2 – with one 
 
Fig. 7. Experimental amplitude-frequency characteristics of system: 1 – without dynamic damper; 2 – with one 
 
Fig.8. Examples of comparison oscillograms: (a) vertical accelerations of seat, periodic bump, 7th gear with hook load; (b) angular accelerations 
of cabin, random bump, 3rd gear without hook load. 
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Comparison of the whole set of obtained oscillograms testifies that installation of cabin dynamic vibroisolators at 
all examined motion cases decreases vertical and linear-angular accelerations of cabin and seat (fig. 9). At this time: 
x vertical accelerations of seat at frequency 2 Hz are down 1,5 times, at frequency 3Hz – 3,5 times, at frequency 
10 Hz – 4 times; 
x vertical accelerations of cabin at frequency 4 Hz are down 1,7 times, at frequency 7 Hz – 2,5 times, at 
frequency 11 Hz – 8,4 times, at frequency 17 Hz – 9,6 times, at frequency 18 Hz – 10 times; 
x linear-angular accelerations of cabin and seat at frequency 3 Hz are down 2,5 times, at frequency 5 Hz – 2,8 
times, at frequency 11 Hz – 3,6 times, at frequency 14 Hz – 4,9 times, at frequency 17 Hz – 8 times. 
 
Fig.9. Decreasing of amplitudes: (a) vertical accelerations of seat (1) and cabin (2); (b) linear-angular accelerations of cabin and seat
7. Conclusions 
Complex of made computational and experimental researches testifies that vibration protection characteristics of 
tractor cabin suspension with the dynamic dampers are significantly better in frequency range of exploitation loads. 
Practically at all motion regimes of tractor aggregate this kind of suspension provide better vibration protection of 
operator worksplace than suspension with standard rubber vibroisolators. Thus prospects of application of dynamic 
vibroisolators in tractor cabin suspension are positive. 
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